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Abstract 
For large space, large-scale construction of new modern design can not meet the specification requirements, in a typical full-size 
big warehouse space, carry out a comparison of launching full-scale fire experiments and numerical simulation, and have errors 
analysis combined with related data. The flue gas temperature of certain height from fire source and fire heat release rate is 
obtained by experiment and simulation, and made the relevant error analysis. The study results show that: the temperature of test
is lower than in numerical simulation; and the HRR is the favorable between test and simulation. Conclusions are as follows: the
full-scale fire experiments can be more truly reflect the dynamics of fire combustion process, but in the full-scale fire 
experiments, the large thermocouple system, due to the large distance of temperature signals transmitting to the data collection
system and other reasons leading to the certain degree of error; numerical simulation is idealized calculation process, its setting 
of associated performance parameters will result in an unreasonable degree of error, overall, the experimental results and 
simulation results are favorable. 
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1. Study Background 
As we all know, the danger of smoke is mainly reflected in two ways, including: toxic, less light. According to 
the most of domestic and international fire cases, in the fire, the people who died directly from smoke poison is 
about 1/2 to 2/3; who was burned to death is only 1/3 to 1/2, but the majority of those who was burned to death is 
also the first to be smoked to the ground before being burned, so the smoke is a major factor in casualties of the fire 
[1]~[3]. To effectively reduce the threat and damage of the smoke, you must ensure the people can evacuate to safe 
areas before the smoke dropped to the high degree that the height is danger to the people. This need to understand 
the settlement rules of smoke in the large space, to determine the time that the smoke dropped to the risk height 
under certain conditions. According to study, it showed that full-scale fire test is the direct method to obtain the time 
[4]. 
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2. Research Status and Programs 
In recent years, from laboratory tests and computer simulation, the domestic and foreign scholars carry out a lot 
of research on the large space, but most of the conclusions are based on the reduced scale model tests and theoretical 
analysis, and these empirical formula and theoretical analysis which can be used to guide practice remains to be 
proved of the new full-scale fire test [5]~ [8].
This study chose a typical large space workshop, primarily through full-scale fire test and performance physical 
simulation methods to study the large space workshop which the building height is 8 m. Focuses on the fire source is 
above the smoke temperature and HRR(heat release rate), in order for the comparative analysis of the fire test and 
performance-based numerical simulation. 
3. The Full-scale Fire Test 
The full-scale fire test is carried out in a forthcoming removal of the large space plant. The plant is a single layer 
of steel, high as 8 m, length 50 m, a width of 25 m, the building volume for the 10 000 m3. There are a total of six 
safe exit, north and south have a safe exit, east-west direction have two exit [9]. The layout graph and profile graph 
of plant are shown in Figure 1 - Figure 2. 
Figure 1. The Planar Graph of Plant 
Figure 2. The Profile of Plant 
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3.1. The General Situation of The Test 
In order to obtain the corresponding experimental data, we selected some main devices which is shown in Table 1, 
accordance with Figure 3 is shown, made the experimental devices link up [10]. In the experiment, the doors and 
windows are closed. 
Table 1. The Main Experimental Device 
test device explain 
oil dish (ignition source) in the central location of the plant, the quantity as 6, the fire source as 1.5 MW 
wire rope for fixed and connection 
weighing sensor for weighing 
data collector for collect data 
thermocouple for measure temperature 
computer for feedback and store data 
Figure 3. The Experimental Setup of The Fire Spread Test in The Plant 
According to the experiment, the thermocouple design in the plant is shown in Figure 4, the vertical layout of a 
total of 14 K-type thermocouple, which sy5 ~ sy18 is used to test the smoke temperature’s variation with time which 
is above the fire source, in which the sy5 is 2.0 m distance from the ground, sy5 ~ sy17 are laid out of a 0.5 m 
intervals. 
Figure 4. The Design Diagram of Thermocouple in Plant 
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3.2. Test Result 
By collected experimental data, we draw Figure 5 Figure 6, and the analysis results are shown in Table 2: 
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Figure 5. Test Curve of  Smoke Temperature Above Fire Source in Plant 
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Figure 6.  The Test Curve of HRR(Heat Release Rate) in Plant 
Table 2. The Test Result of Temperature 
the smoke temperature above fire source /ć HRR(Heat Release Rate) /kW 
maximum value average value maximum value average value 
248 47 1 750 1 416 
As can be seen from Figure 5, in plant, each measuring point of the smoke temperature above fire source show 
the similar tendency. However, smoke temperature of a lower position in the plant is significant, and the temperature 
is so high that because of these positions are close from the fire, and by the impact of a large fire, during rising 
process, smoke plume continuously entrain around cold air, through the heat passing to produce a certain 
temperature change; smoke plume near the ceiling is closer, the temperature is lower, and heat exchange with the 
surrounding cold air is not obvious, leading to temperature change is not very obvious. However, due to the 
temperature measurement system of large space is a large trial, it would inevitably bring the measurement error of 
temperature. 
From Figure 6, we can see: the fire which is composed of 6 oil dishes that be filled up diesel fuel, during the 
experiment, that basic anastomosis the growth model of t2 fire, the maximum heat release rate is 1.75 MW, close to 
1.5 MW, this is because of the heat release rate of fire is calculated according to weight loss rate by the mass sensor, 
because many reasons, the error in the weighing process is inevitable. And the change process of heat release rate is 
divided into three stages, as follows: growth, stability and decay, that is closer to the actual situation. 
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4. Performance-based Numerical Simulation 
4.1. Simulation Overview 
According to the actual project situation, establish the numerical simulation model, in order to study the 
temperature in plant and the smoke temperature which is at the top of fire, at the above the fire source and the 
position as 2 m from the ground, respectively set the temperature detection point at every certain interval height. 
Figure 7 shows the basic situation of model. 
Figure 7. The Model-related Schematic Diagram of Plant  
4.2. Simulation Result 
Run the FDS calculation file and generate data files, according to generating documents (*. csv), draw the curve 
of the smoke temperature above fire and the curve of HRR, as Figure 8 and Figure 9, and the result of analysis is 
shown in Table 3. 
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Figure 8. Simulation Curve of  Smoke Temperature Above Fire Source in Plant 
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Figure 9.  The Simulation Curve of HRR(Heat Release Rate) in Plant 
Table 3. The Simulation Result of Temperature 
the smoke temperature above fire source /ć HRR(Heat Release Rate) /kW 
maximum value average value maximum value average value 
400 33 1 870 1 437 
We can see from simulated curve which is showed in Figure 8, the change trend of smoke temperature that the 
thermocouple measured is roughly consistence, and transient temperature that each thermocouple measured is 
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approach. Likely with experiment result, temperature of near the plant roof is high, near the ground is low. Figure 9 
shows: in the simulation process, the heat release rate increase by t2 pattern, maintain constant until the end of 
simulation after reaching the maximum. As the simulation process is idealized process, it will certainly have some 
errors that different from the experimental result, plus the setting of some performance parameters is  unnecessarily 
reasonable, leading to the simulation results have a certain error. 
5. The Comparative Analysis Between The Test and Simulation 
Figure 10 shows that the temperature contrast curve between experimental temperature and simulation 
temperature, we can see the trend of simulation result is generally consistent with the trend of experimental result, 
but consistent trend has bias, especially in first half of the stage, the consistent result are poor, and the simulation 
result must be greater than the experimental result; while in the latter half stage, the simulation result to be less than 
the experimental result. Possible reasons as follows: 1) Contrast with simulation, in the experiment, the early stage 
of smoke layer formation, more swirl of smoke, which may lead to a certain degree of error. 2) In numerical 
simulation, the performance of selected parameters is unreasonable, may lead to some bias. 3) In simulation, the fire 
source set the diesel volatile by the same quality of diesel fuel, make the weight loss of diesel completely convert to 
the heat; but in fire test, the fire set by the diesel fuel, diesel fuel contains water and other composition, water absorb 
the latent heat of vaporization, that cause actual low heat. This is the main reason for the low measured temperature. 
Figure 11 shows the HRR comparative result between simulation and experiment, we can see that the simulation 
result and experimental result is comparatively agree, which works well at the first half of stage, but in about 800 s 
later, the results are differ, because in the test, the design of the fire is completely compliance with the law of fire 
growth, including: growth, stability and decay, while in the simulation, in order to consider the principle of the most 
disadvantaged, so we will design that HRR grow up to a maximum HRR, subsequently remained stable until the end 
of simulation. 
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Figure 10.  The Simulation and Test Curve of Smoke Temperature in Plant 
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Figure 11.  The Simulation and Test Curve of HRR(Heat Release Rate) in Plant 
6. The Conclusion 
1) The test in this article is the full-scale experiment in large-scale space, in this case of simulating fire scene, that 
can reflect a more realistic fire dynamics combustion phenomenon, making up the gap in this research area on a 
certain extent; 
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2) As we all know, whether experimental test or numerical simulation of fire, the temperature is the important 
parameters, so a full-scale fire experiment, the thermocouple system is large which is designed and laid out, the 
temperature signal to go through a long-distance transmission to enter acquisition system, the transmission process 
of signal will produce attenuation or interference, which will inevitably introduce a degree of error; 
3) The setting of fire in numerical analysis may more or less cause value respect error, because the process of 
numerical simulation is idealized, causing some differences from the actual situation, which may lead to some errors; 
4) In general, result of full-scale fire test and numerical simulation in large space show good agreement, whether 
full-scale test or numerical simulation, that have a certain adaptability on the related fire research in the large space. 
But it is noteworthy that the rationality of the related performance parameters is great influence on the result in the 
numerical simulation, only reasonable parameters is possible with satisfactory result; 
5) In consideration of the worst principle of fire, the development process of numerical simulation will make 
corresponding amendment, which HRR increased through the growth stage to the maximum, after that, the value 
remain unchanged until the end. 
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